Background: with increasing prevalence of diabetes in older people, it is important to understand factors that affect their outcomes. The Informatics for Diabetes Education and Telemedicine (IDEATel) project is a demonstration project to evaluate the feasibility and effectiveness of telemedicine with diverse, medically underserved, older diabetes patients. Subjects were randomised to telemedicine case management or usual care. This intervention has been shown to result in improved medical outcomes and self-efficacy. Self-efficacy refers to one's belief that (s)he can successfully engage in a behaviour. Self-efficacy has been shown to relate to behaviour change and glycaemic control in middle-aged individuals, but not studied in older individuals. Objectives: to assess whether (a) diabetes self-efficacy relates to the primary medical outcome of glycaemic control, and to secondary outcomes (blood pressure and cholesterol), and (b) whether, after an intervention, change in diabetes self-efficacy relates to change in these medical outcomes in a group of older, ethnically diverse individuals. Methods: three waves of longitudinal data from participants in IDEATel were analysed. Results: diabetes self-efficacy at baseline correlated with glycaemic control, blood pressure and cholesterol. An increase in diabetes self-efficacy over time was related to an improvement in glycaemic control (P < 0.0001), but not in blood pressure and lipid levels. The intervention was significantly related to improved self-efficacy over time (P < 0.0001), and both directly (P = 0.022) and indirectly through self-efficacy (P < 0.001) to improved glycaemic control. The mediation effect of self-efficacy was also significant (P< 0.004). Conclusions: diabetes self-efficacy is a relevant construct for older diabetes patients. Thus, interventions that target enhanced self-efficacy may also result in improved glycaemic control.
Introduction
Diabetes education has not consistently resulted in improved glycaemic control [1, 2] ; new concepts are needed to help patients change self-management behaviours [3] . 'Selfefficacy', a key tenet of social cognitive theory [4] , has been found to relate to diabetes self-care behaviour change.
Self-efficacy refers to one's belief that (s)he can plan and accomplish behaviour change, the belief that 'I can do it'. Selfefficacy can be defined as a global attitude or specific to particular behaviours (e.g. diet self-efficacy) [5] . Self-efficacy is affected by experience, perceptions of others' experiences and persuasion. Self-efficacy affects motivation, choices, control and thoughts [6] . Individuals with high self-efficacy are more likely to initiate, persist in and succeed at behaviour change.
Many studies find a relationship between self-efficacy and health behaviours (e.g. [7, 8] ). For diabetes, higher diabetes self-efficacy has been shown to relate to better self-care [9] [10] [11] [12] and glycaemic control [13, 14] . In one prospective study, using structural equation modelling, baseline selfefficacy was found to directly reinforce adherence to self-care [15] .
These studies generally assessed self-efficacy of middleaged individuals. Yet, diabetes is a disease of advancing age. A Medicare survey (a US government run health insurance plan for elderly and disabled) found that diabetes prevalence increased by 36%, and adjusted diabetes incidence increased by 36.9%, from 1993 to 2001 [16] . Among US adults aged ≥65 years, the prevalence of diagnosed diabetes is 15.3%, with 6.9% undiagnosed [17] . Since the number of adults aged >65 years will double by 2020 [18] ), the incidence of diabetes, and numbers of older patients living with complications, will explode [19, 20] .
There are few studies of the relationship between diabetes self-efficacy and health behaviours or outcomes in older individuals. Perhaps we can extrapolate 'adult' selfefficacy findings to older adults; we have not identified theoretical links between self-efficacy and aging. However, as self-efficacy is affected by one's experiences and perceived experiences of others, older patients may hold unique selfefficacy beliefs. In a study of 2,542 Medicare patients, those with higher self-efficacy had better health and lower health risk [21] . It is important to assess whether self-efficacy is relevant to the health of this growing and understudied group.
Also, while some recommend that interventions be designed to increase self-efficacy as an outcome [22] , and behavioural interventions can result in improved diabetes self-efficacy [23] [24] [25] , change in self-efficacy was not the primary target in these studies.
A related question is whether improvement in selfefficacy results in improvement in diabetes-related medical outcomes. Social cognitive theory proposes that those high in diabetes self-efficacy will be more motivated to change behaviour, more likely to make healthy choices, more positive in self-attributions and have a greater sense of control. Since high self-efficacy relates to better diabetes self-care, improvements in glycaemic control, blood pressure and weight may follow. In the only prospective study of the relationship between self-efficacy and glycaemic control, selfefficacy related directly to self-care, and self-care predicted glycaemic control 6 months later [15] . However, the sample comprised relatively well, middle-aged individuals.
The primary purpose of the current analyses was to examine the role of diabetes self-efficacy in glycaemic control in older, ethnically diverse patients with diabetes, and to assess whether improvement in diabetes self-efficacy over time following intervention would relate to enhanced glycaemic control. We also examined the relationship between change in self-efficacy and blood pressure (BP) and lipids, both important for diabetes patients' health. The intervention resulted in improvement in BP and lipids, and, much as self-efficacy might affect adherence to self-care affecting glycaemic control (e.g. adherence to diet, medications), it may also play a role in the behavioural changes for healthy SBP and lipid levels.
Methodology Participants
Longitudinal data were from the Informatics for Diabetes Education and Telemedicine (IDEATel) project. Using an intent-to-treat design, all participants randomised (n = 1,665) were included in analyses. Respondents with baseline and two waves of data collected annually were included in the analyses if they had at least one measure of the outcome over time (n = 1,443; 222 lost to follow-up). IDEATel was a demonstration project, funded by the Centers for Medicare and Medicaid services, to evaluate the feasibility and effectiveness of telemedicine with ethnically diverse, medically underserved, older diabetes patients. A detailed description of IDEATel study design has been reported [26, 27] . Subjects were recruited through primary care providers (PCPs) and included if they were receiving Medicare benefits, were ≥55 years of age, and diagnosed with type 2 diabetes. Individuals were excluded if they had moderate/severe physical, cognitive, or visual impairments or severe comorbid disease. Subjects were randomised within PCPs to telemedicine case management (TCM) or usual care. Trained research nurses blinded to group assignment conducted physical and psychosocial assessments at baseline, 1 and 2 years' follow-ups. The study was approved by the Institutional Review Boards at Columbia University, SUNY Upstate Medical University, and other organisations.
Intervention
Intervention subjects received a home telemedicine unit (HTU), i.e. a web-enabled computer to upload blood glucose (BG) and blood pressure (BP) readings, to videoconference with a dietitian/nurse case manager (all CDEs) and to access education and data. Televisits followed a specified case management protocol using case management software, were 30-60 minutes long, and occurred every 4-6 weeks. Discussion included diabetes education, nutrition and activity counselling, and collaborative goal setting. The patients and CDE collaboratively formulated a plan to address patient concerns, especially about BG, BP and lipid control. The patients set specific, attainable behaviour change goals to lead towards improved health management. A televisit summary was sent to the PCP and, under endocrinologist supervision, CDEs provided consultation to PCPs (providers made all treatment decisions). The Veterans Health Administration Clinical Practice Guidelines for the Management of Diabetes Mellitus in the Primary Care Setting [28] guided the intervention.
Prior results
Published results of a randomised trial of this TCM intervention for older diabetes patients [29] indicate that TCM (vs. usual care) resulted in significant improvements in the primary medical outcomes of A1c, BP and total and LDLcholesterol. While not a target, the intervention resulted in significant improvement in diabetes self-efficacy, but not in depression or diabetes-related distress [25] . This study is a further analysis of the prior research.
Measures
Measures were completed at baseline and 1 and 2 year annual visits. All examinations were performed by certified personnel not involved in the intervention or clinical care, blinded, to the extent possible, to treatment assignment.
(i) Glycaemic control: assessed by measuring glycated haemoglobin levels (A1c). A1c was analysed by boronate affinity chromatography with the Primus CLC 385 (Primus, Kansas City, MO, USA). A1c, reflecting average blood glucose readings over the preceding 2-3 months, is widely accepted as a reliable and valid index of glycaemic control [30] . [32] but the scale developers do not interpret these as four subscales. The DSES has been shown to be a reliable predictor of initiating and continuing self-care behaviour of diabetes patients (Cronbach's alpha = 0.81) and also for their significantothers (Cronbach's alpha = 0.90) [31] . Cronbach's alpha for the current sample was 0.90. Scoring was reversed, i.e. higher score connotes lower self-efficacy.
Analyses

Randomisation
Subjects were randomised within clusters defined by physician practices [26] . Thus, the design effect of clustering within PCP, as well as the correlation across repeated measures required modelling.
Selection of covariates
T-tests and Pearson's correlation assessed significance of associations between baseline self-efficacy and possible covariates. Variables were examined as covariates using an alpha level of 0.10, a conservative approach. The primary analyses did not include covariates because the randomisation was successful. However, for these secondary analyses, it is important to consider variables that might compete in terms of explanatory power. Thus, we chose to err on the conservative side in the selection of covariates. Gender and race/ethnicity did correlate with baseline self-efficacy, with females and whites reporting lower self-efficacy. Other variables with potential clinical significance (age, education, duration of diabetes) were also included as covariates in all analyses.
Longitudinal models
We have previously demonstrated that the IDEATel intervention resulted in improved medical outcomes and improved diabetes self-efficacy over 1 year. In these analyses, we examined whether a change in diabetes self-efficacy related to a change in medical outcomes over two annual visits. We also explored the role of self-efficacy in glycaemic control through examination of direct and indirect effects. A mixed model approach that incorporated random effects to adjust for clustering within PCP practice was performed, using SAS Proc Mixed (SAS 9.0). Consistent with the original approach, the P-value was set at 0.05 for each outcome examination, and separate models were fit for each outcome. Self-efficacy was treated as a time-varying covariate in the analyses; that is, change in self-efficacy was linked to change in the medical outcomes at each point in time. Consistent with the primary analyses, the outcome variables were not transformed.
Several steps were taken to ensure that a proper longitudinal model was fit. The covariance structure was assessed; based on Akaike's Information Function, the best fitting covariance structure for A1c was first order autoregressive (decreasing correlations of each outcome with subsequent measurements of the outcome over time), and for BP and lipids, compound symmetry (equal correlations between waves over time) was best. Additionally, it was determined that heterogeneity in cluster and residual variances required modelling. Finally, consistent with the primary analyses, it was necessary to model A1c as non-linear. In order to elucidate the findings and examine the direct and indirect effects of the intervention on glycaemic control, in addition to the test of the hypothesis shown in Table 2 , a path analysis depicting the main findings pictorially is presented in Figure 1 . The mediating effect of self-efficacy was tested using several methods recently recommended [33, 34] . Table 1 provides baseline demographic data (n = 1,665). All subjects (intervention and usual care) with at least one wave Path analysis using mixed model regression analyses to summarise direct and indirect effects of baseline characteristics and the intervention on self-efficacy and glycaemic control. All analyses were performed using SAS Proc Mixed repeated measures and were adjusted for clustering within PCP and for heterogeneity in cluster and group variances (randomisation group). Diabetes self-efficacy and haemoglobin A1c were measured such that a high score indicates worse outcomes. * P < 0.05; * * P < 0.01; * * * P < 0.001.
Results
a Exponential(-Admin) by group term, P = 0.0881. In the model without self-efficacy and baseline characteristics, this term was significant (est. = 0.219, P = 0.0219).
b An unstructured covariance structure was used. c Non-linear terms were included to model non-linearity of haemoglobin A1c over time. A first order autoregressive covariance structure was used. Diabetes self-efficacy was entered as a time varying covariate. The mediation effect of self-efficacy was significant (P < 0.004).
of outcome data were included in intent-to-treat analyses. Recruitment and retention data have been reported [29] . A comparison of baseline demographic and clinical variables showed no significant differences between intervention and control groups. Also, subjects lost to follow-up did not differ on demographic or clinical variables from subjects who remained.
Examination of the results provided confirmation for the main hypothesis that change in diabetes self-efficacy would be related to change in A1c (P < 0.0001) (see Table 2 ). Thus, subjects whose diabetes self-efficacy improved also were likely to demonstrate improved glycaemic control. Change in self-efficacy was not related significantly to change in BP or LDL. Examination of correlations between baseline diabetes self-efficacy and baseline medical measures showed that poorer diabetes self-efficacy was correlated with higher A1c (r = 0.077, P = 0.002), but not with LDL or diastolic/systolic BP. Other variables significant at the multivariate level were age, gender, diabetes duration and race/ethnicity. Poor glycaemic control over time was associated with longer duration of diabetes, and being younger, male and black or Hispanic. Older age, diabetes duration and being black was related to worsening SBP.
Turning to the intervention, as reported [26] , the threewave longitudinal effect of the intervention on A1c was significant (P = 0.022). The path diagram depicts the role of selfefficacy in relation to glycaemic control. The intervention has a direct and indirect effect (through change in self-efficacy) on glycaemic control. In fact, introduction of self-efficacy (and other covariates) into the model weakens somewhat the direct effect of the intervention on glycaemic control. The mediation effect of self-efficacy on glycaemic control was significant (P < 0.004 for all methods used).
Discussion
Diabetes self-efficacy has been studied as a correlate of behaviour change and glycaemic control in middle-aged individuals. In this study of older diabetes patients, diabetes self-efficacy related to glycaemic control and also a change in diabetes self-efficacy related to change in glycaemic control following a TCM intervention. Diabetes self-efficacy appears to be a relevant variable in the understudied group of older diabetes patients. Thus, interventions that lead to improved diabetes self-efficacy may benefit glycaemic control.
Change in self-efficacy did not relate to change in BP or lipids. Also, baseline diabetes self-efficacy related to A1c but not to lipids or BP. Thus, diabetes self-efficacy may only be relevant to glycaemic control. The reasons for this discrepancy are unclear. A1c is the gold standard of diabetes outcomes, and perhaps the interventionists focused on a Note that the number of respondents with baseline data is somewhat lower than the number included in the longitudinal analyses shown in Table 2 . This is because a few individuals did not have a value of the outcome at baseline, but did have at least one follow-up value.
behaviour change that would affect A1c, with less emphasis on behavioural changes that would affect BP and lipids. Interestingly, the outcome variables are relatively independent in this sample, with modest correlations (0.001-0.121) among outcomes over three waves of data. There are limitations. The self-efficacy measure did not assess specific types of self-efficacy, e.g. diet self-efficacy. Thus, are we referring to a broad attitude towards life challenges, or one relevant to specific behaviours? Also, as IDEATel is a unique TCM intervention, results may not be replicated with other interventions. We assume that selfefficacy would affect behavioural adherence to self-care, but do not have adherence measures to assess this assumption. Finally, although statistically significant, the effect size in the multivariate analysis is relatively small (endpoint difference between the groups in adjusted mean self-efficacy was about two points) and may not be clinically meaningful.
In conclusion, we have shown that diabetes self-efficacy is a relevant construct for older diabetes patients, and that improved self-efficacy relates to improved glycaemic control post-intervention. Thus, when intervening with older adults it may be beneficial to identify and address low self-efficacy beliefs. If an older patient believes that (s)he is unable to change behaviour, theory suggests that (s)he will be less motivated to try. Also, few diabetes interventions specifically target change in self-efficacy as primary outcome, it may be appropriate to do so. Lastly, though self-efficacy is typically defined relative to self-care behaviours, patients also hold beliefs about their ability to change A1c. Many have tried and Table 2 . Predicting medical outcomes using diabetes self-efficacy and controlling for other covariates in a repeated measures model with up to three waves of data for self-efficacy and medical outcomes. a All analyses were performed using SAS Proc Mixed repeated measures analyses and are adjusted for clustering within PCP and group heterogeneity in cluster and residual variances. Self-efficacy was entered as a time-varying covariate. Administration was centred on its means to avoid collinearity. b Non-linear terms were included to model non-linearity of haemoglobin A1c over time. First order autoregressive covariance structure was used. c A compound symmetry covariance structure was used. Administration refers to time of assessment, i.e. baseline, follow-up 1 or follow-up 2. Group refers to intervention vs. usual care groups. An exponential (group * e −admin ) term was tested to model the rapid decline in HbA1c over time within the randomisation groups. A significant exponential term indicates that the treatment and usual care groups experienced different rates of decline over time, with greater decline observed among the treatment respondents. It is noted that while the effect of the intervention was not significant in the above model with A1c as an outcome (P = 0.088), the direct effect of A1c in the model without covariates and self-efficacy in a direct intent-to-treat analysis, conducted as part of the primary analyses, was significant (P = 0.022).
failed to establish good glycaemic control, and these experiences over a lifetime may contribute to low self-efficacy in this domain. An exploration of self-efficacy beliefs concerning A1c change could represent a new area for self-efficacy research. Future research should explore the impact of interventions that specifically target self-efficacy as well as prospective studies of the relationship between diabetes self-efficacy and diabetes self-care regimen adherence.
Key points
r Diabetes self-efficacy has not been studied in older individuals, yet they are a growing proportion of the population. r Diabetes self-efficacy was found to relate to glycaemic control. r Following 2 years of a TCM intervention, change in diabetes self-efficacy was found to relate to change in glycaemic control. r Future research should assess the potential benefits of targeting self-efficacy as the primary outcome of interventions.
